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Abstract 
 
This paper presents an example of collaboration between teacher educators, pre-service teachers, current teachers 
and school students that had a primary aim to increase student interest in STEM activities through a MakerSpace 
STEM club, while improving pre-service teachers’ confidence in delivering the Australian Curriculum: 
Technologies. The benefit of close relationships between universities and schools provides the framework for 
collaborative learning opportunities for pre-service teachers and school students. University academics were 
facilitators in the process, managing the external grant application and wider community workshops as well as 
embedding the activities in the university curricula. The school teachers managed the internal delivery of the 
MakerSpace club and promotion of STEM activities in their schools.  All worked collaboratively to provide two 
professional development workshops, supported by a grant from the Google CS4HS1 program. Outcomes of this 
research demonstrate a student-centred approach to digital technology education. This model of collaboration 
between teacher educators and schools is replicable and has a positive impact on preparing pre-service teachers to 
be classroom ready. 
 
Introduction 
 
In Australia there has been a government-led strategy to improve the access and delivery of 
Science, Technology, Engineering, and Mathematics (STEM) in schools. The Chief Scientist 
(2013) produced a report outlining how this was in the national interest (Office of the Chief 
Scientist, 2013) for the country’s future economic growth. The Australian Curriculum, 
Reporting and Assessment Authority (ACARA), the federal body that determines school 
curriculum, released a new curriculum in 2016 that required all teachers, regardless of 
discipline specialisation, from Foundation year to Year 10, to use digital technologies in their 
teaching (ACARA 2015). The reasoning provided for this is:  
It ensures that all students benefit from learning about, and working with, traditional, 
contemporary and emerging technologies that shape the world in which we live. In 
creating solutions, as well as responding to the designed world, students will contribute 
to sustainable patterns of living for themselves and others (ACARA, 2015). 
                                                          
1 GOOGLE computer science for high school (CH4HS) is an annual funding program to improve the computer science (CS) 
educational ecosystem by providing funding for the continuation of CS teacher professional development worldwide 
(Google, 2015). 
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While this is a valuable and future-thinking strategy, the flow-on effect is for a greater impetus 
for all teachers, not just those teaching Digital Technology subjects, to be not only competent 
using digital technologies but to also be creative and confident in exploring and experimenting 
while doing so.  
We present an example of how collaboration between teacher educators, pre-service teachers 
and school teachers resulted in curriculum initiatives and growth of student and teacher interest, 
creativity and confidence in STEM activities in secondary schools. Using a social constructivist 
approach of shared learning journeys and the pedagogy of computing outreach (author1), the 
benefit of close relationships between universities and schools is demonstrated. The approach 
provides a framework for collaborative learning for school students, teachers and pre-service 
teachers to work side by side to become learners in their own classroom. University academics 
were facilitators in the process, managed the external grant application, and established 
professional partnerships for teaching.  
STEM club project 
The project described in this paper was to support interest in Science, Technology, Engineering 
and Mathematics (STEM) through the delivery of Maker Space activities in a club context. 
There was also a commitment to deliver two teacher professional development workshops to 
share the model of collaboration and showcase school student and pre-service teacher 
creativity.   There are declining numbers of students studying Digital Technology in secondary 
schools, a declining interest in the higher level mathematics classes and some branches of the 
sciences. The inter-disciplinary approach of a STEM Club was seen as an attractive way of 
promoting creativity through technologies, demonstrating student-led learning and exploration 
of mathematical and scientific phenomenon at the same time.   
 
The specific aims of the project were to: 
1. Promote creativity and experimentation through the STEM Club facilitated by pre-
service teachers and school students. 
2. Build upon existing relationships with secondary schools. 
3. Promote pedagogies of student-led learning and peer mentoring. 
There was also a degree of happenstance in the project. One of the schools involved had been 
gifted some new technologies and had reached out to one of the university researchers for 
suggestions on ways to implement them in the classroom. This led to a co-submission for a 
Google CS4HSi grant.  
The metropolitan school involved (School A) is a P-12 school in the northern suburbs of 
Melbourne. It is a relatively new school, created in January 2010 through an amalgamation of 
several smaller schools, and has many unique features: one of which is the strong partnership 
with the university located nearby which allows collaborative practices to support pre-service 
teacher training (Lang, Neal, Karvouni, & Chandler, 2015).  
School B is a large co-educational Year 7-10 school in a regional city in the same state. School 
B is also relatively new, established in 2009, and is adjacent to a regional campus of the same 
university. It also is a partner in many teacher education projects. In the following section we 
present a selection of literature that underpinned our passion in the development of the STEM 
club.  
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Literature underpinning practice  
Gonzalez, Moll and Amanti (2005, ix) argued that learning does not simply take place ‘between 
the ears’, but is eminently a social process. Other researchers posit that play, questioning and 
imagination lie at the very heart of ‘arc-of-life learning’ (Thomas & Brown 2011, p. 19). With 
the availability of technology in the classroom, the traditional concept of the teacher as the 
expert and knowledge-provider is changing. These concepts underlie the pedagogy of the 
STEM club and have implications for both teacher and pre-service teacher professional 
development. 
Livingston and Shiach (2010) argued that teacher educators have important responsibilities 
supporting and challenging the development of teachers for the future. She asserted that 
teachers need not only a strong foundation of initial teacher education but they also need to 
understand themselves as learners, ready to learn and adapt their practice throughout their 
careers, supported and challenged by a range of different opportunities.  (Livingston & Shiach, 
2010).  
In setting up the two STEM clubs we were also strongly influenced by the ‘Makers’ Movement’ 
(Libow & Stager, 2013) that was being promoted worldwide through computer science 
education forums and the Department of Education in the state where this project was being 
undertaken. The Makers’ Movement is based on socio-cultural pedagogies of student-led 
learning and peer-to-peer mentoring in action. ‘The maker movement represents a bright spot 
in a world that too often uses computers biased towards the least empowering aspects of formal 
education’ (Martinez & Stager, 2013, p.19). Libow and Stager (2013) claimed that ‘Tinkering 
is a powerful form of learning by doing, an ethos shared by the rapidly expanding maker 
community’ (p.3) and that ‘… every classroom can become a makerspace where kids and 
teachers learn together through direct experience with an assortment of high- and low-tech 
materials’ (p.3). 
Learning is an emergent process and as Bruner (1996) stated, ‘Knowing is a process, not a 
product’ (p.72). Friere (1978) similarly observed that ‘Knowledge emerges only through 
invention and reinvention’ (p.58). The problem-posing approach favoured by Friere 
encourages students to question, be curious and to explore. Similarly, Bonwell and Eison 
(1991), after extensive literature reviews on active learning, concluded that it led to 
improvements in student attitudes, thinking and writing. Responding to the challenges of the 
21st century, with its complex environmental, social and economic pressures, requires young 
people to be creative, innovative, enterprising and adaptable, with the motivation, confidence 
and skills to use critical and creative thinking purposefully (ACARA, 2014). In this vein we 
believed that the STEM Club would provide opportunities for students to solve problems that 
were challenging, enjoyable, fostered creativity and innovation, within collaborative learning 
environments through access to a range of technologies. 
For the pre-service Masters of Teaching students, the STEM Clubs provided opportunities to 
practice their teaching skills with students from a range of year levels. It enabled them to make 
connections between discipline-based theory and the daily practices teachers are exposed to 
within the school environment. These authentic teaching practices were evidence of learning 
and its context, planning the teaching, supporting and guiding the students and providing 
opportunities for reflection of their own teaching and learning. As Johnson and Lynch (2004) 
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stated, transformative curriculum provides opportunities to produce knowledge and new 
findings. William Glasser’s choice theory (1998) reminds educators that before learning can 
take place, all students must feel they belong, have freedom to make choices, experience fun 
and enjoyment in their learning, and have a sense of control or power over their learning. The 
STEM Clubs provided for such learning. 
STEM club setting  
The STEM Club was a testing ground for pre-service teachers to develop and create interactive 
curricula. The STEM club ran for school two terms, during which the school students 
participated in hands-on activities using technology tools such as Makey Makey, Little Bits, 
Arduino (Galileo), Ozobots and Beebots, Make-do, and 3D Printing and Design as well as low-
tech materials such as cardboard, tape, glue and aluminium foil.   
Initially, the STEM clubs were held once a week at lunchtimes, allowing students forty-five 
minutes on their chosen activities. This was increased to twice a week in the second term. 
Students were presented with a weekly challenge by the teacher based on the tools available. 
The club started with the first challenges to explore what simple games could be created. 
Students worked in collaboration to build, design, and test their activities and models. These 
ranged from accessing block programming as well as using fruit and alfoil to create music. The 
activities strongly focused on student-led learning strategies in an active STEM learning 
environment that used direction, mathematical and scientific ideas to complement the delivery 
of the new AC: Technologies.  
In each of the participating schools, Digital Technology teachers led the club and also served 
as supervisors for the pre-service teachers. The pre-service teachers guided and supported 
student engagement in the activities. The school students were encouraged to discuss their 
activities with the pre-service teachers on a weekly basis.  The pre-service teachers were 
required to reflect on their experiences while in the school and make judgements on the level 
of school student involvement in the activities. The pre-service teachers were also required to 
design a unit of work using the concepts and materials used in the club that could be transferred 
to a classroom setting and was part of their final assessment.  
Participants 
The lunchtime club was frequented by a small number of mainly male students in each location. 
The numbers ranged from 6 to 10 students from Years 4 to 10. Participation was voluntary and 
stimulated by student interest in technology and personal commitment. There were five pre-
service teachers involved, all completing the Digital Technology Method subject in their 
secondary teaching course (2 female and 3 male). They volunteered to support the STEM Club 
and completed an assessment task as part of their course requirements, and attended the club 
every week for two semesters. 
Research design and method 
The research was conducted within the qualitative paradigm of social constructivism and 
inquiry. All of the participants were collaborating to construct new knowledge. The format of 
the study and the club followed that of the pedagogy of an outreach model of academics, 
teachers and pre-service teachers collaborating to promote peer-to-peer learning and creativity 
in STEM classes (Lang, Craig, & Casey, 2017).  
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Teachers and preservice teachers can learn from each other, in the same manner that 
students learn from each other using creativity and experimentation in student-led 
classroom environments (Lang et al., 2017, p.1499).  
 
This pedagogy crosses discipline boundaries and was best suited to the integrated design and 
digital technology activities undertaken in the club. This approach encompasses five guidelines 
for outreach activities in computing that were deemed ideally applicable to the STEM Club. 
They were presented to the teachers and outreach organisers summarised below as: 
 Aim to not be the expert.  
 Allocate play time into the class schedule where students get to explore tools and 
applications by providing them with little more than a general introduction with access 
to further information. 
 Encourage group work activities. 
 Allocate time for peer demonstration of new knowledge. 
 Facilitate student-led learning by encouraging expert students to work with their less 
experienced peers. (Lang et al., 2017, p.1497-8) 
Ethics approval was gained from the University involved and was focused on gathering data 
related to the pre-service teachers’ reflections and experiences, as well as post-workshop 
feedback from practising teachers. These were obtained from several sources, the first was 
from pre-service teachers’ guided reflections submitted weekly, addressing the following 
prompts: 
1) What process did you go through in this lesson?  
2) What problems did students encounter while they were working today? How were 
the problems solved?  
3) What resources did students use while working today? Which ones were especially 
helpful?  
 
4) How do you feel about the work completed in the club today? What parts of it do you 
particularly like? Dislike? Why?  
5) Did you and/or the students find anything particularly frustrating today?  
 
6) If you were the teacher, what comments would you make about the STEM club today?  
7) If someone else were looking at the club, what might they learn about how it 
operates?  
 
8) One thing I would like to improve upon about this week’s club would be…  
9) What things do you think the students might want more help with?  
These reflections were supplemented with notes, audio and video recordings of the projects 
that students had created captured by the classroom teachers. School students were participants 
in the STEM Club, but not individually interviewed or identified.  
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It is important to note that all the activities of the STEM Club were managed by the school 
teacher who supervised the pre-service teachers. They were co-learners and volunteers, and the 
time spent in the STEM club was credited towards the professional experience hours required 
by their course. A research assistant, employed by the university, captured reflections and field-
notes, which provided rich data on the experiences as well as the perceived learning outcomes 
associated with the club. The research assistant was perceived as neutral because she had no 
influence in any assessment task that the pre-service teachers were required to undertake. 
At the end of the first semester, the five pre-service teachers participated in a focus group 
discussion to explore their views, beliefs, and experiences with STEM Club activities.  The 
research assistant conducted this on university premises. Pre-service teachers discussed their 
perceptions of the type of activities offered to the students and they responded to the activities. 
The results are presented in detail in the next section. This allowed the researchers to reflect on 
how this partnership experience supported pre-service teacher education. 
Additionally, as part of pre-service teachers’ assessment requirements, they were required to 
develop two units of work that would satisfy the AC: Technologies, which they presented to 
practising teachers in the professional development workshop delivered at the end of the 
program. The day was a mix of hands-on activities as well as formal presentations with the 
purpose of building stronger links between pre-service teachers and practising teachers, while 
upskilling all for the AC: Technologies. Eight school students from School A and School B 
and the five Masters of Teaching pre-service teachers demonstrated the skills they had learned 
from the STEM Club to the visiting teachers in mini hands-on workshops. The skills were 
integrated with mathematical and scientific concepts (measuring slope, shadow, the heights 
and angles of eaves, for example). The five Masters of Teaching pre-service teachers also 
presented the units of work (curricula) they had created as part of their university course work 
assessment tasks that also satisfied the Victorian Curriculum requirements for Years 7-10 
(samples of the unit of works are presented in Appendix A). 
Data were also collected from the in-service teachers who attended the workshops. They were 
asked a series of questions to which they responded using a 5-point Likert scale from Strongly 
Agree to Strongly Disagree. Questions were related to the content of the workshop in general, 
if they had learned useful strategies, new topics, whether materials presented were pertinent 
and useful, and whether they intended using some of the activities demonstrated in their own 
classes. The final question asked if they had any ideas on how to build on this session for 
follow-up activities.  
Data analysis 
Data from the field notes and open-ended survey responses were analysed using digital tools 
(NVivo11). The focus group discussion was transcribed and uploaded to NVivo, as well as the 
reflective journal entries from the pre-service teachers. Initially, free nodes (open coding) were 
created under the headings of challenges, early experiences, perceived benefits, and ways of 
using technologies. Indicators were used to identify sources of the data (Table 1). 
   
Table 1: Transcript indicators 
 
Indicators Meanings 
FG Focus Group 
RJ Reflective Journal 
PST (1..2..3..4..5) Pre-service teacher (The number assigned to each participant) 
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In the second process, the earlier nodes were examined for consistency and to determine if 
categories and sub-themes were needed. An example of a category and sub-themes (axial 
coding) is illustrated in Table 2. 
Table 2: Example of axial coding 
 
Main category Sub-categories Participants’ conversations 
Popularity of 
STEM club 
Teachers’ 
perspective 
This was my first introduction into STEM clubs and 
how they operate and I was surprised by all the 
innovative and creative activities students were able 
to be involved in (RJ, PST 2) 
 
Student 
engagement 
Students were engaged in creative construction with 
a range of technologies, inspired by and 
demonstrating the power of learning through 
tinkering. I felt proud of our students’ confidence 
(RJ, PST 1)) 
The research team discussed these nodes and then agreed on the themes presented in the next 
section, acknowledging the limitation of an inherent bias of participants in the research. The 
students in the STEM Club were volunteers and gave up their lunchtimes to participate, 
indicating a pre-established tendency to engage with digital technologies. A positive bias also 
resided with the pre-service teachers who were training to be digital technology teachers when 
they graduated. 
Findings 
Several themes guided our data analysis, and are presented in this section broadly titled: (1) 
exposure to digital technology teaching and learning; and (2) popularity of the STEM club 
activities. These first two themes focus on the data provided by the pre-service teachers. The 
third part of this section is a reflective piece from the teacher who coordinated and ran the club 
in School A. 
Theme 1: Exposure to digital technology teaching and learning 
Recalling Glasser’s choice theory (1998) as well as the other research theorists mentioned in 
the literature section, we believed that exposure to digital technology teaching and learning in 
a collaborative and creative environment could positively affect teachers and pre-service 
teachers’ attitudes to using digital technology. Keeping in mind that our project aim was to 
facilitate confident, competent and creative teachers and students, the sub-themes we created 
were digital technology readiness and the digital technology curriculum. 
Digital technology readiness 
The data from the interviews revealed that four of the five pre-service teachers involved had 
not had wide exposure to digital technology teaching experience in the past. For example, 
despite having studied an Information Technology (IT) subject in secondary school, pre-service 
teacher 1 reported: ‘My memories of IT … are that of an observer. The world of information 
technology was one that I dare not enter’. While pre-service teacher 5 was the only one who 
considered herself experienced in digital technology although she stated: ‘I had … gained a 
breadth of significant corporate experience in the twenty years since my computer science 
degree, however, I was wary of today’s students and the web-enabled technologies that they 
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have access to.’ The research shows that a shift in learning-teaching boundaries requires 
teacher comfort and confidence as crucial individual characteristics contributing to successful 
digital technology implementation in the classroom. These responses suggest that that these 
pre-service teachers’ approach to digital technology implementation does not have a one-to-
one relationship with their prior experience, skills or education. All five pre-service teachers 
reported that they were positive towards implementing digital technology in the classroom. 
They had each volunteered for this project because they valued digital technology as a tool to 
improve and engage student learning for every subject in the curriculum.  They all reported 
that participation in the STEM club contributed to increased confidence in their ability to use 
digital technology effectively in their teaching and complemented the theory aspect of their 
teaching degree. 
Practice and theory continuum 
Throughout their reflective journals the pre-service teachers recognised that the digital 
technology subject they were studying at university during this pilot contributed to a growing 
confidence around the position of digital technology in the curriculum. The subject included 
discussion about the nature of digital technology education and its place in the Australian 
Curriculum. The subject provided a social platform for the pre-service teachers to work in a 
collaborative manner. All pre-service teachers agreed that the university subject complemented 
the practical nature of the STEM club and allowed them to build confidence, broadened their 
knowledge related to teaching pedagogies as well as provided them with a wide selection of 
resources to use as a teacher. The following statements illustrate this point: 
This ended up being a wonderful experience and I think I learnt a great deal and by the 
end of it I felt a lot more comfortable having IT as one of my methods.  Enough to 
reconsider my idea of ignoring IT side, and that It could actually now be a very real 
possibility of having a job teaching IT. (PST 3) 
All doubts disappeared completely on the first day of the subject with Dr …. The 
discussion of requisite teacher qualities struck a particular cord with me at the intensive 
and my lingering reservations as to whether I would be “techie” enough to take on 
such a role were soon forgotten. Replaced with a tremendous excitement as to the path 
that I am now embarking upon, the classes have given me a resolve to be the type of 
teacher that inspires students to embrace ICT. (PST 1) 
Theme 2: Popularity of the STEM club activities 
We found that the STEM Club activities were well received by pre-service teachers and 
students alike. The following sections provided perspectives from each of these two groups. 
This is provided to demonstrate that the creative hands-on activities that were challenging at 
times have had a positive effect on student engagement. 
Pre-service teachers’ perception 
For all five pre-service teachers this was their first introduction into STEM clubs and their first 
experience in operating MakerSpace technology. Seeing the STEM club program in action 
helped them to position its importance in building digital technology confidence and interest 
in students. It also developed their own pedagogical content knowledge and understanding of 
the importance of digital technology integration in schools. The loss of time in setting up 
packing up materials for the lunchtime club was the main concern expressed by the pre-service 
teachers. Being constrained by scheduled lunchtime breaks challenged them, and there was 
limited time available to provide directions to students who were unsure or needed extra help 
to engage with the range of the technologies available.  
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PST 5 reported:  
I had high expectations for what I hoped to implement in the club’s launch year, … I 
loved the freedom and inventiveness displayed by students as they participated, 
particularly those that became regulars, and enjoyed facilitating students’ engagement 
with making and linking with STEM ideas. I disliked the short 35-40 minute maximum 
duration, which always felt rushed, and didn’t allow much time for reflection and 
sharing to conclude lessons, or coaching of students pursuing more advanced 
challenges and projects. 
Overall, the pre-service teachers reported that, in their opinion, the STEM club had been 
successful in providing a positive and prominent profile for STEM learning in a student-centric 
environment of risk-taking and innovation. They also noted that the open setting of the club in 
the library provided exposure to other students and teachers, provoking curiosity and inspiring 
new students to join in the activities.  
Student engagement 
The weekly reflections from the pre-service teachers revealed that the STEM club activities 
gained popularity among the students because they were not grade-oriented, thereby allowing 
them to feel more comfortable and enjoy what they were doing. They also reported that the 
opportunity for collaboration with students (at different year levels) on a specific task provided 
an opportunity for peer-to-peer learning and confidence building. They reported that the level 
of commitment from the school students increased as the term progressed, as did their sense of 
accomplishment in their tasks. The following PSTs’ comments elaborate these points:  
It is great to see students engaged with STEM activities. The enthusiasm is fantastic 
and shows the potential for more STEM activities to be integrated into the broader 
curriculum. (PST 1) 
Students were engaged in creative construction with a range of technologies, inspired 
by and demonstrating the power of learning through tinkering. I felt proud of our 
students’ confidence. (PST 5) 
As students are in the program at their own desire, I see students that are motivated, 
driven and excited about the possibilities of a career in IT. (PST 2) 
While the pre-service teachers agreed that the STEM club provided a platform to motivate 
students to bring their ideas to the fore, the majority of the pre-service teachers felt that the 
constraints of time hampered its success. Operation of the STEM activities during lunchtime 
was challenging and difficult to implement consistently, due to staggered start times for lunch 
and the restriction of not allowing food in the library space.  
The effect of the STEM club: The school’s perspective 
At the beginning of this project, School A was aiming to develop a learning environment that 
was student-centred and would provide an outlet for students to extend their technology and 
STEM skills. There was a desire for the space to be project-oriented and constructivist in 
approach, as well as catering for a broad range of interests and ages. There was also the 
intention of modelling a MakerSpace environment for teachers to observe and interact in - to 
create the classroom of the future. Partnering with the University for the Project, allowed us to 
access pre-service teachers with a high degree of technical expertise and ability to work with 
children.  
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In setting up the STEM CLub and pop-up MakerSpace, we had several preconceived 
understandings and beliefs about Maker programs. We believed that students are naturally 
curious, inclined to experiment and play in their learning, and were drawn to STEM activities. 
We believed that students would give up their lunchtime to participate in MakerSpace 
activities. We also believed that students would have projects or ideas they were interested in 
and would be happy to choose from a range of tools and activities to complete them. 
As we launched and began to work in the STEM club across the year we went through a process 
of evolution and made changes to better meet the needs of students and the school. We moved 
the location from a classroom to the central library shared space to deliberately make the 
program visible and central. The activities and tools were reduced from a wide number of tools 
per session to a small number that were connected to challenges in each session. We also widely 
promoted the STEM club across the middle and senior school.  
Overall, we found the project to be successful and were happy with the outcomes of the STEM 
club in the first year. We found that making the activities central in a shared space meant that 
teachers walking past would stop and engage with the student and activities. This allowed 
STEM and MakerSpace education to receive a higher profile in the school. Students showed a 
higher level of interest and engagement, and participating students began to bring a friend to 
join in. The pre-service teachers were able to develop programs and build their understanding 
of ways and options for delivering a student-centred STEM curriculum. Since the initial 
development of the STEM club, the school has extended implementation in the following ways: 
 Development of STEM extension groups - a project-based learning class for students 
to work on extended projects across the year. Students enter projects in a number of 
externally run competitions, including ‘F1 in Schools’, ‘Young ICT Explorers’ and 
‘Print-a-Car’. 
 Extension of the STEM Club to an afterschool group to cater for extended project 
development 
 Development of a dedicated MakerSpace environment in addition to a pop-up 
lunchtime MakerSpace 
Discussion  
In this case, the STEM club initiative has had a positive effect in creating more capable, 
confident and creative pre-service teachers. The university believes that it has satisfied the 
initial aims of the project by demonstrating a framework for collaborative learning in schools, 
allowing school students, teachers and pre-service teachers to work side by side as learners. 
The comments from the pre-service teachers and the units of work they created demonstrate 
that their interaction with the club enabled them to develop their STEM pedagogical knowledge 
and skills. The comments from the supervising school teachers indicate that this semester-
length program has had a flow-on effect on the position of STEM in the school curriculum as 
well as in the wider community. Visibility has increased through students being engaged and 
motivated to participate in external national competitions, and by inference growing the profile 
digital technology across the curriculum.  
The pedagogy of outreach model (Lang et al., 2017) was demonstrated in the development and 
delivery of this program. The combined input of university academics and professional 
organisations complemented the schools’ resources and the teachers’ knowledge and 
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enthusiasm. The activities contributed to the pre-service teachers’ assessment and immersed 
them in a student-led learning environment. Research into school-based clubs demonstrates 
that adopting the student-centred explorative pedagogical approach in the classroom is 
extremely beneficial to student engagement.  
Conclusion 
Collaborative projects that are curriculum-focused have wider implications for practice in 
initial teacher education at university and schools. The value of the project provides an insight 
into ways in which educators and students in schools and universities can work together in an 
immersive experimental STEM environment. We have provided a springboard for ongoing 
collaboration that incorporates professional experience and pedagogical practices.  One 
lunchtime club has created curriculum change with a new project-based subject in the school, 
a stronger external profile in technology competitions and a second afterschool club. There 
may only have been a small number of pre-service teachers involved, but each of these five are 
now graduate teachers, able to have a positive impact on at least fifty school students a year. 
The school teachers who attended the workshop at the end of the program left with a copy of 
each of the units of work created by the pre-service teachers, enabling them to implement a 
similar club or at least some of the activities in their own schools and classrooms. These 
outcomes confirm that authentic collaborative activities between schools and universities to 
improve STEM pathways provide an ideal opportunity to increase student engagement in 
STEM curricula. 
Limitations 
We acknowledge that this is a small sample and the findings are non-generisable. We also 
acknowledge the positive bias of participant teachers and pre-service teachers in the project as 
well as the school students who gave up their lunchtime to participate in the STEM club. 
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